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(b) 26.5N, 1000m

OBS at 26.5°N (RAPID-MOCHA Array):
18.5+4.9 Sv (04/2004-10/2007, Johns et al., 2011)
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Mean Atlantic Meridional Overturning Streamfunction (Sv)
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Mean Atlantic Meridional Overturning Streamfunction (Sv)

(a)CFSv1, 335-YR
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Weak AMOC in CFSR initial condition (IC)?
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| OBS: 18.5+4.9 Sv (Johns et al., 2011)

AMOC (Sv), CFS v2, NEMO, 30—yr
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Strong initial AMOC in ECMWEF IC is also weakened
November, YR1 Initil month
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Mean Annual Sea Surface Salinity

OBS CFSRIC ECMWEF IC
WOA09 CFS—-CFSR, 30yr  CFS-NEMO, 30yr

Model surface water is too fresh in North Atlantic



Mean Annual Salinity, 20°W
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Considerable freshening occurs in upper 200 meters
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Where does the excessive freshwater come from?
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Mean SSS, CFSvZ NEMO
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Tendency (Sv)

Freshwater Budget, CFSvZ—NEMO
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Freshwater Transport Terms, CFSvZ NEMO

Transport (Sv)

13—mo running mean

0.4

0.351

e
[

o

[

o
1

o
ha

(o]
-
w

e

o

o

(&}
L

Net Transport

—Vy (too large?)

N T\ e an P—E_

—0.15 1

-0.2 1

—0.25 1

\\_\I{W Ah_f__\t;—ffoﬂl”x“'“ﬁfi:\,/ —‘m\u/\,—"\ﬂ/ af'wl

~U,

V, (too small?)

DR, A AN -
\ 0 = A R - - ot e s
/,_/I l'k// R — P M ' ~ :',/ ‘:.\‘;;)\.{ui/: \ (p\_ﬂ.\

1965 1970 1975 1980 1985

Time

1990

0.4

- 0.35

0.3

-0.25

- 0.2

-0.15

- 0.1

- 0.05

-—0.15

- —0.2

-—0.25

xog 073U]

xog JO INQ



Zonally averageld Pvl;: over Northl Atlontlic mrr:/doy :
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Solid: GECCO -
Dashed: HOAP

Top panel: OBS-based zonally
averaged surface freshwater fluxes
over the North Atlantic

Lower panel: Freshwater transport
integrated from 65°N (bottom
panel), with estimates for different
\/ latitudes summarized in Wijffels
Dot-dashed: NCEP | (2001) and Talley (2008).
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Is the subtropical water transported northward too fresh?
Mean SSS, NORUNOFF
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Temperature range of albedo
change with ice melt
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Improved Sea Ice increases AMOC (but not enough)
Mean State, ICE Run
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C e e o e e Sea Surface Salinity
November
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from 100m (Control) to 30m
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Summary

Atlantic meridional overturning circulation (AMOC) is weakened in CFSv2

A freshening trend in northern North Atlantic shuts down deep convection in
Greenland and Labrador Seas

Extra freshwater storage is associated with weak (excessive) subtropical
(arctic) transport and strong regional precipitation

Arctic sea ice thickness can be maintained with increased sea ice albedo

Improved sea ice and marginal sea outflow only have transient influence on
AMOC strength in CFSv2
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Salinity (averaged in 0°—60°W, 40°N—-70°N)
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Where does the excessive freshwater come from?



Mean E—P Climatology (mm/day)
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Equatorial and mid-lat precip excessive?



